As a component in human milk fortifiers (HMF), iron may equilibrate with human milk for as long as 24 hours, bind important bacteriostatic proteins, and potentially affect the host defense properties of human milk.
INTRODUCTION
Human milk is the optimal nutritional support for premature infants. However, because of their great nutrient needs, human milk-fed premature infants born weighing less than 1500 g receive additional fortification with protein, fat, minerals, and vitamins. 1 The benefits of feeding human milk extend to the feeding of fortified human milk because, even when fed fortified human milk, premature infants have a lower incidence of infections, such as late-onset sepsis and necrotizing enterocolitis, than similar infants fed formula. 2, 3 A current issue in neonatal nutrition is how to provide an optimal source of iron for the human milk-fed premature infant. Currently available US human milk fortifiers differ in their iron content. Antimicrobial proteins in human milk, such as lactoferrin, function by binding iron locally in the gastrointestinal tract. 4, 5 It is reasoned that if iron-containing human milk fortifiers are mixed in the milk, the available iron potentially might bind and inactivate the antimicrobial sites on the protein. As it is often the case in neonatal units to prepare a 24-hour supply of fortified human milk, there is concern that the exogenous iron might be more easily available to inactivate the antimicrobial properties. We hypothesized that the differences in iron content of human milk fortifiers affect the intrinsic host defense properties of human milk when subjected to standard nursery practices. We compared bacterial growth in human milk fortified with either of the two US human milk fortifiers.
METHODS
A single milk sample collected using an electric breast pump was obtained from each of 24 mothers of premature infants. Mothers receiving antibiotics were excluded. The sample was frozen immediately after collection. On the day of analysis, frozen milk samples were thawed in a tepid water bath using the fast-thaw method and were divided into two aliquots. One aliquot (25 ml) was mixed with one pack of Enfamil Human Milk Fortifier (EHMF, Mead Johnson Nutritional Division, Evansville, IN) and the other aliquot (25 ml) was mixed with one pack of Similac Human Milk Fortifier (SHMF, Ross Laboratories, Columbus, OH), as per the manufacturers' suggestion for preparation. Fortified milk samples were then stored at refrigerator temperature (41C) and aliquots were removed at 0, 24, and 72 hours, and serially diluted (1:50 to 1:200). Each sample was plated on Tryptic Soy agar (Fisher Scientific, Pittsburgh, PA) for total bacterial colony count (TBCC), Columbia CNA agar (Fisher Scientific, Pittsburgh, PA) for enumeration of Gram-stain positive bacteria and MacConkey agar (Fisher Scientific, Pittsburgh, PA) for enumeration of Gram-stain negative bacteria, and incubated at 371C for 24 hours. Colonies were counted manually 24 hours postincubation. Based on standard microbiology quality-control procedures, plates containing between 30 and 400 colonies were considered. The laboratory staff were blind to group designation. The protocol was approved by the North ShoreFLong Island Jewish Health System Institutional Review Board and parental consent was obtained prior to milk sample collection.
Data were analyzed by repeated measures of ANOVA with group (EHMF or SHMF) and time (0, 24, and 72 hours) as the factors. A sample size of 18 per group was needed to detect a one standard deviation difference between groups with a power of 0.8 and a level of significance of 0.05.
RESULTS
We selected milk that had bacterial colonization to test the effect of HMF. Out of 24 milk samples, three samples had numerous colony counts (>650 colonies per plate) and three samples had few colonies (<20 colonies per plate). The colony counts were the same for each group and the six samples were not used for the analyses. Data from 18 milk samples with colony counts between 30 and 400 per plate were used for the analysis. All milk samples contained Gram-positive bacteria and 30% of samples contained Gram-negative bacteria.
TBCC and colony counts for Gram-positive bacteria did not differ between groups (Figures 1 and 2 ). TBCC and Gram-positive colony counts declined significantly with increases in storage time (Figures 1  and 2 ), p<0.001. Gram-negative bacteria were found in six out of 18 milk samples; the colony counts in the six samples were not statistically different between groups or over time (Figure 3 ).
DISCUSSION
We found no differences in bacterial growth in human milk containing either human milk fortifier available in the US. In addition, we found that even with fortification, bacterial colony counts declined during 72 hours of storage at refrigerator temperature.
Our data differ from earlier observations of bacterial growth in fortified human milk. Using an in vitro bacterial inhibition assay, Chan 6 found significantly more bacterial growth with ironcontaining HMF than low iron-containing fortifier when he inoculated fortified human milk samples with large quantities (10 5 to 10 7 colonies per ml) of only four pathogenic bacterial species. The usual milk flora contains fewer bacterial colonies, and especially fewer pathogens than that artificially inoculated in that study. 7, 8 In contrast, our study found approximately 10 5 bacterial colonies per ml and the absolute value declined with increasing time of storage. Furthermore, he confined the analyses to pathogens not usually identified in human milk. 7, 8 In contrast, our study was conducted to mimic the practice of using HMF in the NICU because in many NICUs a 24 hours supply of fortified human milk is prepared and maintained in the refrigerator until used.
When mixed per manufacturer's suggestions of four packets per 100 ml human milk, EHMF (Enfamil Human Milk Fortifier, Mead Johnson Nutritional Division, Evansville, IN) provides 1.44 mg iron and SHMF (Similac Human Milk Fortifier, Ross Laboratories, Columbus, OH) provides 0.35 mg iron. The current study suggests that the additional iron incubating with the fortified milk does not affect the milk's intrinsic host defense properties in a general sense. We speculate that had excess iron bound the antimicrobial proteins in human milk, bacterial proliferation would have been unimpeded. 9 We also note that there are other major differences in nutrient contents between commercial fortifiers available in the US. In addition to iron, 10 other nutrients have more than a two-fold difference in content between fortifiers, for example, fat, carbohydrate, vitamin B 12 , pantothenic acid, biotin, vitamin C, magnesium, copper, potassium, and chloride (Mead Johnson Nutritional Division, Evansville, IN, and Ross Laboratories, Columbus, OH). To what degree, if any, the difference in the content of these other nutrients affected bacterial growth is unknown.
Interactions between iron and other nutrients, however, also may affect bacterial growth. For example, fatty acids had been reported to have cytolytic effects on pathogenic organisms. 10 Perhaps certain nutrients function as cofactors and/or antioxidants to facilitate bacterial growth. Further investigation of these differences may be warranted.
Current recommendations suggest that fortified human milk be maintained at refrigerator temperature for no longer than 24 hours. 11 The current study verified that similar to unfortified human milk, refrigerated fortified human milk retarded bacterial growth for at least 72 hours. 12 These data may affect future recommendations for refrigerator storage of human milk, especially fortified human milk. We suggest that fortified human milk may be stored undisturbed at refrigerator temperature for longer than 24 hours.
We studied a 72 hours incubation of HMF and human milk. It is unclear if exogenous iron preparations given with a single feeding would have more of an adverse effect on bacterial growth. We speculate that even if a single iron-containing feeding did affect host defense, the remainder of the day's milk supply would provide compensatory antimicrobial activity. Nevertheless, the current practice of adding iron-containing HMF to human milk for optimum nutritional support appears safe for growing premature infants.
